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ABSTRACT: Pain and stress assessment in ani-
mals is considered an imperative issue and also a
difficult challenge. Unfortunately, no gold stand-
ard technique for pain and stress assessment in
animals has been validated nowadays. A new tool
to assess stress in animals consists of measuring
the leukocyte coping capacity (LCC). The aim of
this study was to evaluate the whole-blood LCC
chemiluminescence as an innovative tool for stress
and pain assessment in the bovine species under-
going ring castration. Twenty 2-mo-old male mix-
breed Piemontese-Angus-Belgian Blue calves (Bos
taurus) weighing 90 * 4 kg were used. The animals
were randomly allocated in 2 groups composed of
10 subjects each as follows: ring castration group
(CAS) and sham castration group (SHAM). Blood
drawing, scrotal and perineal temperature record-
ing, scrotal lesion score, pain assessment, and LCC
Chemiluminescence were performed at different
time points, which were as follows: 1 h before cas-
tration/sham (—1 h), 30 min postcastration/sham
(30 min), 3 d postcastration/sham (3 d), 7 d postcas-
tration/sham (7 d), 14 d postcastration/sham (14 d).
Results showed that in CAS LCC values significantly
increased (P < 0.05) at 3 d and decreased at 7 d,

whereas in SHAM, LCC values did not significantly
vary between the study times. Significant differences
in LCC values between CAS and SHAM were seen
at7d (P <0.0001). In the CAS group, scrotal lesion
was scored as 0, 0, 3.8, 2.7, and 0.2 at —1 h, 30 min,
3d, 7d, and 14 d, respectively, whereas in SHAM,
its score was 0 at every time point. Perineal temper-
atures did not vary throughout all the study times
in both CAS and SHAM. Differences among the
2 groups were noted in scrotal temperatures only at
3,7,and 14 d (P < 0.05). In CAS, the percentage of
animals which obtained a pain score > 1 was: 10% at
—1 h, 30% at 30 min, 20% at 3 and 7 d, and 10% at
14 d, whereas in SHAM, no pain signs were noted
at any time point. No significant difference between
CAS and SHAM was recorded in cortisol blood
level at any time point. No stress leukogram nor
variation in neutrophil/lymphocyte ratio was noted
at any of the time points in both CAS or SHAM.
Our results suggest that ring castration might cause
long-lasting pain in calves, but its magnitude is not
easily detected by conventional methods. We argue
that whole-blood LCC chemiluminescence might be
a useful tool for detecting pain and stress in calves
undergoing ring castration.

Key words: assessment, calves, LCC, pain, ring castration, stress

© The Author(s) 2018. Published by Oxford University Press on behalf of the American Society of
Animal Science. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com.

'Acknowledgments: The authors declare that no con-
flicts of interest are related to the research presented in the
manuscript.

2Corresponding author: eugenio.gaudio@phd.unipd.it

Received May 21, 2018.

Accepted August 16, 2018.

J. Anim. Sci. 2018.96:4579-4589
doi: 10.1093/jas/sky342

INTRODUCTION

Pain and stress assessment in animals is con-
sidered an imperative issue and also a difficult
challenge. Objective, quantitative, and practica-
ble measures of sufferance are crucial to studies
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in many branches, including animal husbandry
(Flecknell and Roughan, 2004). The pain response
in animals is currently assessed using a variety of
techniques, including physiological, hematological,
and behavioral parameters (Weary et al., 20006).
Unfortunately, no gold standard technique for pain
and stress assessment in animals has been validated
nowadays. For this reason, researching effective
and innovative methods is essential.

A new tool to assess stress in animals consists
of measuring the leukocyte coping capacity (LCC).
The LCC is defined as the ability of an animal’s leu-
kocytes to produce a respiratory burst in response
to a bacterial-type challenge and has been used as
a measure of stress (McLaren et al., 2003; Honess
etal., 2005; Moorhouse et al., 2007; Shelton-Rayner
et al., 2011; Esteruelas et al., 2016; Huber et al.,
2017). This immune challenge is triggered, in vitro,
by the use of a chemical stimulator and compared
with the individuals’ own baseline level of immune
system activity (McLaren et al., 2003). It is reported
how LCC results vary according to different stress
levels. In fact, lower LCC values have been reported
in stressful situations, thus proving how these con-
ditions impair reactive oxygen species (ROS) pro-
duction by the subject’s immune system (mainly by
granulocytes) (Shelton-Rayner et al., 2011). Studies
in humans revealed that pain and stress are 2 distin-
guished yet overlapping processes sharing multiple
conceptual and physiological patterns (Abdallah
and Geha, 2017). Moreover, both can be considered
double edged swords, as they can result in adaptive
or maladaptive changes required to regain homeo-
stasis and/or stability (Sinha and Jastreboft, 2013).
If maladaptive changes occur, changes in physiol-
ogy and behavior can be observed, resulting in suf-
fering and compromised well-being of the subject
(Knaster et al., 2012).

No reports on whole-blood chemiluminescence
in the bovine species are available in the literature
available to date; thus, how the magnitude of ROS
production varies after stress and/or pain is still
unknown.

The primary objective of this research was to
investigate the validity and feasibility of this new
methodology for pain assessment. In this experi-
mental study, ring castration of calves, which has
been considered by Marti et al. (2010) a source of
pain, was used as nociceptive stimulus.

Furthermore, comparisons between LCC
results and some established methods to measure
pain and pain-related stress were executed.

We hypothesized that 1) calves after castra-
tion would show lower LCC values than before
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castration, 2) noncastrated animals would present
higher LCC values compared to treated ones, and
3) there would be a meaningful correlation between
LCC results and other parameters routinely used
for stress (blood cortisol level, leukogram) and pain
(pain scale) assessment.

MATERIALS AND METHODS

Study Design

The study was performed after the approval
of the Animal-welfare Body of the University of
Padua in a farm located in the Veneto region (Italy)
between March and May 2017. Twenty (n = 20)
2-mo-old male mix-breed Piemontese-Angus-
Belgian Blue calves (Bos taurus) weighing 90 + 4 kg
(mean £ SD) were used. The animals were housed
in 2 large group pens, fed mashed weaning feed and
milk replacer; they also had free access to water and
contact with herd mates and mothers. The animals
had been living with the herd for at least 30 d when
they entered the study. Calves were considered
healthy on the basis of clinical examination and
blood exams results. The animals were randomly
allocated in 2 groups composed of 10 subjects each
as follows: ring castration group (CAS) and sham
castration group (SHAM).

One hour before castration or sham procedure,
all calves were assessed for pain using the UNESP-
Botucatu unidimensional composite pain scale (de
Oliveira et al., 2014). Before any manipulation,
every animal was evaluated for pain assessment,
using the above-mentioned scale that was per-
formed for 25 min by 3 trained observers who did
not interfere with the animals and used a scoring
system ranging from O to 10. Each animal was then
gently captured by means of a rope and restrained
by 2 people for weighing, blood sampling, temper-
ature measuring, and scrotal clinical evaluation.
Scrotal and perineal (used as control measure) tem-
peratures were recorded by means of an infrared
thermometer (DT8380, CAMMUO, SKU009011,
China) at a distance of 20 cm from the skin. The
scrotum was evaluated for clinical conditions using
a scoring system ranging from 0 to 6 (Table 1).

Castration was performed as described by
Stafford et al. (2002). Briefly, while the animal was
being restrained, the skin of the scrotum was disin-
fected with povidone iodine solution (Betadine 10%,
Meda Manufacturing, Merignac, France) for 3 min
and 2 rubber castration rings (Allflex New Zealand,
Palmerston North, New Zealand) were placed
simultaneously on the neck of the scrotum just
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Table 1. Scrotal lesion score used to assess the scrotal
condition in calves undergoing rubber ring castration
and sham castration

Score  Description

0 Clinically normal/wound healed
1 Small wound

2 Mummified scrotum
3

Mummified and shrunk scrotum with partial detachment from
the abdominal wall

Dry scrotum
5 Swollen and dry scrotum, ulceration
Swollen, moist and hot scrotum

proximal to the testes using an elastrator (Elastrator,
Blenheim, New Zealand). After 10 d, the devital-
ized tissues of the scrotum and testes were surgically
removed, before they naturally fell off, to spare the
animal any kind of unnecessary discomfort account-
able to tissues degeneration. Fourteen days after cas-
tration/sham, because of the absence of the scrotum,
the wound temperature was evaluated instead.

Pain assessment, blood sampling, scrotal, peri-
neal, and environmental temperature recording,
and scrotal clinical evaluation were repeated as fol-
lows: 1 h before castration (—1 h), 30 min after cas-
tration (30 min) and at day 3 (3 d), 7 (7 d), and 14
(14 d) after rings application.

An identical study design was applied to SHAM
group (iodine solution application included), except
for castration which was replaced with an equally
long testicular manipulation.

Blood Samples Processing

Three and 9-mL blood samples were aseptic-
ally collected from the external jugular vein in
evacuated tubes containing 5.4 mg of K.EDTA
(Vacumed, FL MEDICAL s.r.l., Italy) and in
evacuated tubes containing serum clot activator
(Vacuette Z Serum Separator Clot Activator,
Preanalitica s.r.l., Italy), respectively. A small
amount of blood stored in K,EDTA tubes was
used in the field for chemiluminescence assay,
while the residual was immediately refrigerated
at 4 °C until blood count test was performed.
A full hematological profile was provided by
means of an automated cell counter (ADVIA
120 Hematology System, Siemens Healthcare
GmbH, Germany). Clotted blood samples were
centrifuged at 3,500 rpm for 15 min to obtain
serum, which was stored at —20 °C and then
thawed for cortisol concentrations to be meas-
ured by immunoassay (COBAS 6000-c601, Roche
Diagnostics S.p.A., Italy).
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Whole Blood Chemiluminescence Assay

In order to understand an individual’s LCC,
the whole blood of the same individual was divided
into 2 samples: the nonstimulated sample (ns) and
the stimulated one (s).

The nonstimulated sample provided a baseline
measure of the individual’s LCC response. The sam-
ple was prepared as described by Shelton-Rayner et al.
(2012): 10 pL of whole blood-K.EDTA were trans-
ferred into a silicon antireflective tube (Lumivial, EG
& G Berthold, Germany); 90 pL of 10~* mol L™! lumi-
nol (5-amino-2.3-dihydrophthalzine; Sigma AS8511,
Sigma-Aldrich, Oslo, Norway) diluted in phos-
phate-buffered saline (PBS) (Sigma, Sigma-Aldrich)
were added and 10 pL of fresh PBS were used to bring
the solution to a total volume of 110 pL. The tube was
gently shaken to mix the reagents. Because it is known
that luminol chemiluminesces if combined with an
oxidizing agent to produce a low-intensity light reac-
tion (Whitehead et al., 1992), phorbol 12-myristate
13-acetate (PMA, Sigma P8139, Sigma-Aldrich) was
used as an activator to challenge granulocytes in the
stimulated sample. The preparation of the latter was
identical to that of the unstimulated sample, except for
the replacement of fresh PBS with 10 pL of PMA at a
concentration of 107> mol L.

The PMA solution had been prepared in advance
by diluting 1 mg of PMA in 8.106 mL of dimethyl
sulfoxide (Sigma D 5879, Sigma-Aldrich) creating
0.1 mL aliquots (stock solutions) which were stored
at —20 °C as long as necessary. A working solution of
10°M was produced daily, by adding 9.9 mL of fresh
PBS to 0.1 mL of 10M PMA. PBS was prepared by
adding 1 tablet to 200 mL distilled water and stored at
—20 °C until needed. Stock solution of 10°M lumi-
nol was produced by dissolving 0.0177 g of luminol
in 1 mL of dimethyl sulfoxide and 9 mL of fresh PBS,
using a magnetic hotplate stirrer. Attention was paid
to prevent luminol to be exposed to light and 0.2 mL
aliquots were stored, wrapped in foil, at —20 °C.
A luminol working solution of 10™*M was produced
from stock solution by dilution with 19.8 mL PBS
and was refrigerated in the dark until required.

Chemiluminescence of both samples (ns and
s), measured in relative light units (RLU), was
recorded at intervals of 5 min using a high sensi-
tivity portable chemiluminometer (Junior LB 9509,
E G & G Berthold, Germany) for a total of 45 min
in order to produce a luminescence profile. The
measurements were done in the field immediately
after the blood samples were collected. When not
in the chemiluminometer, tubes were incubated at
37 °C in a lightproof water bath.
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Statistics

Data were analyzed using the SAS statistical
software (version 9.3, SAS Inst. Inc., Cary. NC).
Normality of data distribution was assessed by
adopting the Shapiro-Wilk test. For LCC data,
some values were calculated: Delta LCC (the dif-
ference in response at each time interval between ns
and s measures), Max Delta LCC (maximum Delta
LCC value per time point), and AUC (area under
the Delta LCC curve).

Analysis of repeated and normally distributed
data (Delta LCC and white blood cells count) was
performed through a repeated type mixed model ana-
lysis of variance. Time points (=1 h, 30 min, 3d, 7 d,
14d), CAS/SHAM groups and their interaction were
included in the model as fixed effects, intervals (0, 5,
10, up to 45 min) as time effect and animal as random
repeated effect. Nonrepeated and normally distrib-
uted measures (Max Delta LCC, AUC, scrotal, peri-
neal and environmental temperature) were analyzed
using a mixed model with time points (—1 h, 30 min, 3
d,7d, 14d), CAS/SHAM groups and their interaction
as fixed effects and animal as random effect. Non-
normally distributed data were first log-transformed
before being analyzed through the same model.

Data were reported as least squares means *
standard error for normally distributed variables
(transformed data were back log transformed).

Correlation among variables was calculated.
Pearson coefficient was used for normally distrib-
uted data, whereas Spearman rank correlation
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index was applied to non-normally distributed
variables.

Pain scores were analyzed by computing the
percentage of scores > 1. These percentages were
compared using chi-square test and Marascuilo
procedure.

RESULTS

LcC

Analysis of data for CAS group revealed that
Delta LCC values were associated with a significant
(P < 0.05) increase at 3 d from —1 h and 30 min, and
reduction at 7d from —1 h, 30 min, and 3 d. Delta LCC
values at —1 h, 30 min, and 14 d showed no statistically
significant difference. Analysis of data for SHAM
group revealed that Delta LCC values did not signif-
icantly vary among the study times. Furthermore, sig-
nificant differences in Delta LCC values between CAS
and SHAM were noted only at 7 d (P < 0.0001); no
differences between the experimental groups were doc-
umented at the other time points (Fig. 1).

As far as Max Delta LCC is concerned, there
were no differences neither inside each group nor be-
tween CAS and SHAM. Recorded peak values were
37 and 29 RLU in CAS and SHAM, respectively, at
3d.

AUC data analysis resulted similar to the one pro-
vided by Delta LCC for CAS and SHAM among time
points: AUC values in CAS increased with statistical
significance at 3 d and significantly diminished at 7 d

3d 7d 14d
Time point

—4&—CAS

Figure 1. Difference in leukocyte coping capacity (LCC) luminescence values at each time point between non-stimulated and stimulated meas-
ures in both castrated (CAS) and control (SHAM) groups (Delta LCC). Results are reported in Relative Light Unit (RLU). Lowercase letters
indicate differences between and within groups at different time points (P < 0.05). Time points are reported as follows: —1 h (1 h before castration/
manipulation), 30 min, 3 d, 7 d, 14 d (30 min, 3, 7, and 14 d postcastration/manipulation).
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(P <0.05). Whereas, for SHAM, no statistically signifi-
cant variation was noted among time points (Fig. 2).

Scrotal Lesion Score

No scrotal abnormalities were recorded at the first
time point in CAS; all animals’ scrotal sacs were consid-
ered to be in good condition after clinical examination
(all scores were 0). At 30 min, no gross lesions were noted
and the scrota presented a clinical condition similar to
that recoded at —1 h (all scores were 0). Scrotal swelling
was documented at 3 d; the scrotal surface was dry and
without any other apparent sign of inflammation (aver-
age score 3.8; range 3 to 4). Mummification and partial
detachment of the scrotum were the most evident clin-
ical signs at 7 d. Also, the scrotal sacs were cold and
stiff at palpation (average score 2.7; range 2 to 3). After
the surgical removal of strangled portion at day 10, the
abdominal wall began a healing process, resulting in a
neat circular scar at 14 d (average score 0.2; range 0 to 1).

SHAM exhibited normal scrotal condition
throughout all the time points (all scores were
0) (Table 2).

Temperatures

No significant variation was noted in perineal
temperature (35.5 £ 0.8 °C) at any time point within
SHAM group. In the same group, scrotal tempera-
ture significantly decreased at 30 min (28 *+ 2.3 °C;
P <0.05) from —1 h (31.8 = 1.8 °C), increased at 3
d (33.1 £ 1.9 °C; P <0.05) from 30 min and at 14
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d (average 33.8 £ 1.6 °C; P < 0.05) from —1 h and
30 min. No significant variation was noted in peri-
neal temperature within CAS group (36.1 £ 1.3 °C),
whereas the scrotal temperature significantly
decreased at 30 min (28.2 £ 2.8 °C; P < 0.05) from
—1h(31.4+£3.2°C), increased at 3d (29.9 £ 1.9 °C;
P < 0.05) from 30 min, but still remained signifi-
cantly lower than at —1 h. Also, the temperature of
the wound recorded at 14 d (35.8 £ 0.9 °C; P < 0.05)
increased from the scrotal temperature registered at
7d(30.1 £1.7°C).

Differences among the 2 groups were noted in
scrotal temperatures only at 3, 7, and 14 d (P < 0.05)
(Fig. 3).

Environmental temperature recorded through-
out the study did not change significantly at any
time point (22.1 £ 0.7 °C).

Pain Scores

All 3 observers gave the animals the same score
at each time point and, as expected, no pain signs
were noted in the SHAM at any time point (all ani-
mals were scored 0 at each time point). The animals
belonging to CAS showed very little pain signs at
each experimental time. For this group, the mean
value was 0.3 out of 10 at —1 h (range 0 to 2), 0.6
at 30 min (range 0 to 4), 0.3 at 3 d (range 0 to 2),
0.2 at 7 d (range 0 to 1), and 0.1 at 14 d (range 0
to 1) (Table 2). The percentage of animals which
obtained > 1 was: 10% at —1 h, 30% at 30 min, 20%
at 3and 7 d, and 10% at 14 d.

3d 7d 14d

Time point

—&— CAS

Figure 2. Area under the Delta LCC curve (AUC) values at each time point in both castrated (CAS) and control (SHAM) groups. Results are
reported in Relative Light Unit (RLU). Lowercase letters indicate differences between and within groups at different time points (P < 0.05). Time
points are reported as follows: —1 h (1 h before castration/manipulation), 30 min, 3d, 7d, 14 d (30 min, 3, 7, and 14 d postcastration/manipulation).
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Table 2. Total white blood cells (WBC) count, different WBC populations (neutrophils, lymphocytes,
monocytes, eosinophils, and basophils), blood cortisol, pain scale score, and scrotal lesion score at each

time point in CAS and SHAM group

Time point
-1h 30 min 3d 7d 14d
CAS SHAM CAS SHAM CAS SHAM CAS SHAM CAS SHAM
WBC 890+2.67 9.39+249 889+267 9.39+249 9.01+£226 936+148 9.37%£1.99 936+1.48 10.65+3.72 8.45+1.69
(103 cells/pL)
Neutrophils 2.14+143 266+1.39 2.14+143 2.66+139 237+137 2.65+£092 244+1.13 2.65+0.92 299+2.78 2.10+0.71
(10° cells/pL)
Lymphocytes 6.04+123 584+1.55 604+123 584+155 580+£1.66 590+098 6.12+1.52 589098 7.05+1.55 5.57+1.21
(103 cells/pL)
Monocytes 0.47+0.19 0.52+0.17 047+0.19 0.52+0.17 0.61+£0.20 0.39*0.11 058020 0.39+0.11 0.28+0.15 0.42+0.17
(10° cells/pL)
Eosinophils 0.15%£0.12 0.23+0.28 0.15%£0.12 0.23+0.28 0.10£0.06 0.31+£024 0.12+0.06 0.31+0.24 0.20*£0.10 0.24+0.26
(103 cells/pL)
Basophils 0.07+0.02 0.11+£0.04 0.07+0.02 0.11+0.04 0.08+0.04 0.10*£0.04 0.07£0.03 0.10+0.04 0.12+0.04 0.08 £ 0.02
(10° cells/pL)
Blood cortisol 7.54+582 8.48+8.24 11.08+8.00 291+3.82 8.60+7.75 1098 +9.61 13.02+12.74 528 £5.36 8.73+7.41 13.06*9.46
level (nmol/L)
Pain Scores 0.3(0-2) 0 (0-0) 0.6 (0-4) 0(0-0) 0.3(0-2) 0 (0-0) 0.2 (0-1) 0 (0-0) 0.1(0-1) 0 (0-0)
Scrotal lesion 0 (0-0) 0 (0-0) 0 (0-0) 0(0-0) 3.8(34) 0(0-0) 2.7(2-3) 0 (0-0) 0.2 (0-1) 0 (0-0)
score
37
a
36
35
b
34 be be
¢ 33 .
L3 ¢ cd
£ 31
=
230 ‘ :
g
& 29 . e
28
27
26
25
-1h 30min 3d 7d 14d
Time point
u SHAM CAS

Figure 3. Scrotal and wound temperature variation between time points in castrated (CAS) and control (SHAM) groups. Results are reported in
Celsius degrees (°C). Lowercase letters indicate differences between and within groups at different time points (P < 0.05). Time points are reported
as follows: —1 h (1 h before castration/manipulation), 30 min, 3 d, 7 d, 14 d (30 min, 3, 7, and 14 d postcastration/manipulation).

Blood Cortisol Level

Cortisol data did not show any significant vari-
ation within CAS between time points. The average
values were 7.54, 11.09, 8.60, 13.02, and 8.73 nmo-
I/L at =1 h, 30 min, 3 d, 7 d, and 14 d, respectively.
Whereas, in SHAM, differences were noted between
30 min and 3 d (P < 0.05) and also 30 min and 14
d (P < 0.05). The average values per time point were
8.48, 2.91, 1098, 5.28, and 13.06 nmol/L at —1 h,

30 min, 3 d, 7 d, and 14 d, respectively (Table 2). No
significant differences were recorded comparing CAS
and SHAM at any time point. Spearman test did not
reveal any correlation between cortisol and LCC AUC
data, nor between cortisol and Max Delta LCC data.

White Blood Cells

Complete blood counts and biochemistry
parameters were within the range of reference for
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the species (Kessell, 2015). All animals were con-
sidered to be in good health status. No stress leuko-
grams were noted at any of the time points in either
CAS or SHAM. The prevailing white blood cell
type was represented by lymphocytes (range 63.0
to 69.4%), followed by neutrophils (range 22.3 to
27.9%), monocytes (range 2.8 to 7.1%), eosinophils
(range 1.2 to 3.1%), and basophils (0.8 to 1.1%).

In addition, no significant variation in white
blood cells count was registered neither inside each
group, nor between CAS and SHAM (range 8.90
to 10.65 x 10° cells pL™! in CAS; range 8.45 to
9.39 X 103 cells pL™! in SHAM) (Table 2).

No statistically significant differences were doc-
umented in the Neutrophil/Lymphocyte ratio (N:L)
between time points in any of the groups (range 0.34
to 0.42 for CAS; range 0.39 to 0.49 for SHAM).

After correlating max Delta and AUC values with
the number of both total white blood cells and every
single white blood cell population, we observed that
only a moderate correlation exists (Spearman correl-
ation: WBC-maxDelta 45.99%; WBC-AUC 45.30%).

DISCUSSION

To our knowledge, this paper is the first to pres-
ent the whole-blood LCC assay in the bovine spe-
cies in field conditions, although ROS production
from isolated bovine leukocytes has been evaluated
in the past years (Hoeben et al., 2000; Mehrzad
et al., 2005; Rinaldi et al., 2007; Pang et al., 2009).
The validity of this technique seems to reside in
maintaining leukocytes in their natural environ-
ments, preserving cellular integrity, thus minimiz-
ing potential disruption to cell signaling pathways
(Shelton-Rayner et al., 2011; Shelton-Rayner et al.,
2012; Huber et al., 2017). Studies on human leu-
kocytes demonstrated that their surface is covered
with over 150 receptors (Mian et al., 2005), capable
of interacting with a large number of stress-sensi-
tive factors, like: endocrine factors in the plasma,
cytokines, and substances released from circulating
and noncirculating cells (e.g., endothelial cells), and
also changes in erythrocyte hemodynamics, blood
biochemistry, hypothalamic-pituitary-adrenal axis,
and the sympathetic nervous system. The constant
exposure to each of these stimuli pertains to their
effectiveness as stress indicators (Shelton-Rayner
et al., 2012). In our study, LCC values at 3 d of
the animals undergoing ring castration showed an
increase when compared to their own LCC values
at other time points and also to values of SHAM
group animals. This result might seem in contrast
with our first and second hypothesis. In fact, we
would have expected a reduction in LCC values in
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CAS group after castration. Rubber ring gradual
constriction of the scrotum might be responsible
for the nonsignificant change in LCC values seen at
30 min. Whereas, a possible explanation to the aug-
ment in LCC values at 3 d might be attributable to
the systemic diffusion of inflammatory factors com-
ing from the scrotal sac (edematous scrotal sac). We
believe that the local inflammation/ischemia started
a chain reaction that eventually led to a systemic
activation of the immune system, inducing leuko-
cytes to temporarily augment their ROS produc-
tion (which is what we observed at 3 d). This fact
might have led to a subsequent impairment in ROS
production at 7 d, causing an “exhaustion state”
in granulocytes, thus potentially resulting in aug-
mented susceptibility to infections (McLaren et al.,
2003). Also, at 7 d, in addition to the persistent
inflammation, mummification and partial detach-
ment of the scrotum might have caused a stressful
condition leading to a decrease in ROS production.

Our results at 7 d seem to confirm that LCC
is affected by pain-related discomfort/stress, lead-
ing us to confirm our first and second hypothesis.
In fact, we think that LCC technique might be
able to detect physiological changes accountable
to stress/pain caused by ring castration, especially
during the degenerative phase of the scrotal tissues
starting from the 7th day after castration. This is
very similar to what was reported by Molony et al.
(1995). He demonstrated that methods of castra-
tion involving the use of rubber rings in calves pro-
duced a long-lasting inflammation. Furthermore,
he observed that if the scrotum is left untouched,
wound healing could be incomplete even after 51
d, with a peak in lesion severity between 27 and
30 d. Similar results were obtained by Fisher et al.
(2001) and Thiier et al. (2007). Considering this, we
wanted to avoid unnecessary pain and stress to the
animals opting for surgical removal of the degener-
ating tissues after 10 d from castration, leading to a
complete wound sealing at 14 d.

Whole-blood LCC chemiluminescence seems
to be an interesting tool for stress/pain assessment
in calves after castration, even though it must be
pointed out that results coming from this tech-
nique in the bovine species are not always easy to
be interpreted. In fact, bovines are known to have
an “inverted” white blood cell formula, in which
lymphocytes are predominant whereas neutrophils
are the second population in order of numerosity
(Sjaastad et al., 2010; Roland et al., 2014). This
fact might explain the lower whole blood chemilu-
minescence values, because of the lower number of
neutrophils (which are known to be the main ROS
producers) per blood volume, if compared to values
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coming from other mammalian species like bears,
badgers, bank voles, or humans (Montes et al.,
2004; Gelling et al., 2009; Shelton-Rayner et al.,
2010; Shelton-Rayner et al., 2011; Esteruelas et al.,
2016). Because this is the first study that evaluates
whole-blood LCC after castration, the exact time at
which LCC values would have changed from base-
line was not known to the authors. In fact, our study
times were chosen on the basis of what reported in
the literature about blood cortisol changes after
castration (Molony et al., 1995; Fisher et al., 2001;
Stafford et al., 2002; Marti et al., 2010; Becker et al.,
2012). Hence, to better understand the effect of
ring castration on ROS production observed in this
study, it would be interesting to evaluate changes in
LCC values at more frequent intervals.

As for temperature, its decrease recorded in
both groups at 30 min may be accountable to the
presence of the povidone-iodine detergent previ-
ously applied on the scrotal surface at castration
and that led to heat loss. Furthermore, compres-
sion caused by rubber ring is known to be gradual
and not sudden (Stafford et al., 2002), thus the tem-
perature decrease seen at 30 min should not be due
to blood flow impairment. Temperature returned
to baseline values at 3 and 7 d in SHAM, but not
in CAS. This result can be explained by the blood
flow impairment at the level of the testicular artery
caused by mechanical compression of the rubber
ring, leading to hypoxia of the tissues (Marti et al.,
2010; Fubini and Ducharme, 2017). The temper-
ature increase registered at 14 d in CAS from all
other time points might be accountable to the heal-
ing process of the tissues resected at day 10 post-
castration and the fact that the measurement was
performed at the level of the wound, because of the
absence of the scrotal sac.

Diagnosing pain in nonverbal patients has
always been a challenge for veterinary practition-
ers. In fact, pain in animals can only be measured
indirectly using pain scoring systems or pain scales
based on behavioral assessment. These tools repre-
sent a valuable diagnostic aid, as they provide pain
assessors with objective, ready-to-use tools (della
Rocca et al., 2017). Because methods of castration
are typically associated with physical, chemical,
or hormonal damage to the testicles (Stafford and
Mellor, 2005), it is legitimate to discuss whether
these procedures can be a source of pain for the ani-
mal and, if necessary, it is important to efficiently
assess its presence. Animal behavior has been shown
to be a sensitive indicator of pain in response to cas-
tration in cattle (Robertson et al., 1994). In 2014,
the UNESP-Botucatu Unidimensional Composite
Pain Scale (UCPS) for assessing postoperative pain

Gaudio et al.

in cattle was developed and validated by de Oliveira
et al. This pain scale is nowadays considered as the
only tool specifically designed for pain assessment
in bovine species (della Rocca et al., 2017) although
it is validated for postoperative pain only. It is
not clear whether ring castration causes pain and
what type of pain (e.g., chronic, acute or both) in
calves (Mellor et al., 1991; Robertson et al., 1994;
Molony et al., 1995; Stafford et al., 2002; Boesch
et al., 2006; Thiier et al., 2007; Becker et al., 2012;
Marti et al., 2017). A major hypothesis points out
that occlusion of the blood vessels to the testes
might not immediately disable the afferent nerves
or nociceptors and an increased afferent activity
may be accountable to the sensitization of nocic-
eptors after hypoxia of tissues (Gebhart and Ness,
1991; Handwerker and Reeh, 1991). Also, failure
to seal the distal scrotal portion from the rest of
the body might lead to exposure of living tissues
to algogens, pathogens, and toxins carried by fluids
coming from the degenerating scrotum (O’connor
etal., 1993). Interestingly, in our study, the UNESP-
Botucatu pain scale did not measure highly painful
conditions at any time point. The highest score was
4 out of 10 measured at 30 min in 1 animal (CAS
group) showing discomfort signs, probably due to
the new condition caused by the rubber ring and
povidone solution application, such as: tail flicking,
licking its scrotum and slight apathy. These results
might be explained by the intrinsic nature of calves.
Cattle are known to be grazing animals which are
generally predated upon, and man might be easily
considered a predator. For this reason, pain experi-
ences can be expected to have different priorities in
these species and to influence behavior in different
ways (Molony et al., 1995). In accordance to this,
we believe that the incidence of pain manifestation
in these animals might be low and subjected to a
high variability. Thus, it is recommended to extend
the observation period, provide different schedules
of observation and always compare findings with
physiological changes. Also, it must be taken into
account that the UNESP-Botucatu pain scale is
specifically designed to measure postoperative pain.
In fact, the low pain scale values can be attributable
to a bias due to the ring-castrated calves experienc-
ing a different kind of pain to which the scale is not
sensitive enough.

Serum cortisol measurement has been widely
used as an indicator of stress in animals (M 6stl and
Palme, 2002). Specifically, some reports using blood
cortisol level as a tool for comparing different
methods of castration in cattle are documented in
the literature (Cohen et al., 1990; King et al., 1991;
Faulkner et al., 1992; Robertson et al., 1994; Fisher
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et al., 1996; Fisher et al., 1997; Fisher et al., 2001;
Stafford et al., 2002; Thiier et al., 2007; Becker
etal.,2012). Also, it is reported that rubber banding
castration may be, if performed appropriately, less
stressful than surgical castration (Bretschneider,
2005). Conflicting results can be found in the liter-
ature regarding blood cortisol variations after rub-
ber ring castration. In fact, some authors report an
increase in blood cortisol level which is greater in
castrated animals than in control calves (Stafford
et al., 2002; Thiier et al., 2007; Pang et al., 2009;
Gonzalez et al., 2010), whereas others did not find
any significant change between the 2 groups (Mellor
et al., 1991; Fisher et al., 2001; Becker et al., 2012).
In our study, no significant difference in blood cor-
tisol changes was found between the castrated and
the control group. This result is in accordance with
what already documented by Mellor et al. (1991),
Fisher et al. (2001), and Becker et al. (2012). It is
important to remember that cortisol is rapidly
cleared from the bloodstream (Plumb, 1994); there-
fore, the timing of blood sampling after ring castra-
tion might influence the interpretation of the results
(Bretschneider, 2005). For this reason, to better
evaluate the cortisol response, the time intervals
between blood samplings could be narrowed. In
addition, no significant blood cortisol peaks were
documented within animals from CAS group and
their average values at 30 min (11.09 £ 8.00 nmo-
1/L) postcastration were lower than those reported
by other authors in rubber ring castrated cattle
at the same study time (range 40 to 76 nmol/L),
which seems to be the time at which blood corti-
sol peaks (Stafford et al., 2002; Thiier et al., 2007).
Evaluating blood cortisol level is indeed important
when assessing stress in animals. Unfortunately, it is
not a perfect tool. In fact, blood cortisol level might
be influenced by many factors, including the mental
status of the animal at sampling and a high indi-
vidual variability. Furthermore, low blood cortisol
values may be due to individuals having high pain
thresholds (Stafford and Mellor, 2005) and being
less likely to get stressed by noxious stimuli like the
one caused by rubber ring castration. Serum corti-
sol levels must be interpreted with caution, as they
may not always accurately reflect the extent of the
pain response in animals, because of this variability
(Coetzee, 2011). As a confirmation of this, blood
cortisol levels of SHAM group significantly fluc-
tuated between the study times even if no painful
stimulus was inflicted to these animals.

Stress is known to cause neutrophilia, lym-
phopenia, and eosinopenia in the bovine species
(Kessell, 2015), conditions characterizing the so
called “stress leukogram.” As a consequence of
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this, an increased N:L can be observed (Tornquist
and Rigas, 2010). In the present study, neither stress
leukogram nor altered N:L was documented at any
time point in castrated animals or in SHAM group.
This finding is in accordance with what reported by
Wistuba et al., (2004) and Pang et al., (2009) who
did not find any white blood cell count variation in
calves after band castration.

Even though HPA-mediated stress is known to
be involved in several aspects of pain appraisal in
animals and humans (Blackburn-Munro, 2004) and
down-regulate immune system function (Sapolsky
et al., 2000; Tsigos and Chrousos, 2002), LCC val-
ues (AUC and max Delta LCC) did not correlate
with cortisol values and weakly correlated with
both the total number of white blood cells and each
white blood cell population. Therefore, we rejected
our third hypothesis that LCC values would cor-
relate with the other physiological parameters. This
is in accordance with what was found by Shelton-
Rayner et al. (2012) and Esteruelas et al. (2016).
They attributed the absence of correlation between
LCC values and physiological variables to the fact
that they are influenced by a wide range of factors
in addition to stress. Moreover, because of the weak
correlation between LCC values and granulocytes,
we hypothesize that, in our study, ROS production,
and thus LCC values documented, might not have
been predominantly related to the number of gran-
ulocytes present in the chemiluminescence tube,
but rather to their current status and capability of
producing ROS.

Gaining more insight into stress and pain
caused by routine procedures in animal husbandry
is fundamental, especially nowadays that societal
concern regarding the moral and ethical treat-
ment of animals has become more relevant (Rollin,
2004). The model of pain we chose in this study is
just one of the many procedures that veterinarians
and zootechnicians must deal with during everyday
practice. As suggested by our results, ring castra-
tion seems to cause long-lasting pain in calves, but
its magnitude may not be easily detected by conven-
tional pain assessment methods. For this reason, we
argue that whole-blood LCC chemiluminescence
might be a new useful tool for assessing pain and
stress in farm animals undergoing ring castration
and further studies should be carried out to test
its efficacy on other routine husbandry procedures
that are considered to be painful. Furthermore,
as reported in the literature and suggested by our
results, stress measures based on immune system
alterations seem to be valid alternatives to measures
based on the HPA axis, and may even be more suit-
able in certain circumstances (McLaren et al., 2003;
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Gelling et al., 2009). Nevertheless, given the com-
plexity of the subject and to provide a clearer pic-
ture of the multifaceted effects of stress and pain,
we suggest a combined approach using more than
one parameter.
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